In a warm and humid climate, increasing the temperature set point offers considerable energy benefits with low first costs. Elevated air movement generated by a personally controlled fan can compensate for the negative effects caused by an increased temperature set point. Fifty-six tropically acclimatized persons in common Singaporean office attire (0.7 clo) were exposed for 90 minutes to each of five conditions: 23, 26, and 29°C and in the latter two cases with and without occupant-controlled air movement. Relative humidity was maintained at 60%. We tested thermal comfort, perceived air quality, sick building syndrome symptoms, and cognitive performance. We found that thermal comfort, perceived air quality, and sick building syndrome symptoms are equal or better at 26°C and 29°C than at the common set point of 23°C if a personally controlled fan is available for use. The best cognitive performance (as indicated by task speed) was obtained at 26°C; at 29°C, the availability of an occupantcontrolled fan partially mitigated the negative effect of the elevated temperature. The typical Singaporean indoor air temperature set point of 23°C yielded the lowest cognitive performance. An elevated set point in air-conditioned buildings augmented with personally controlled fans might yield benefits for reduced energy use and improved indoor environmental quality in tropical climates.
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24 Elevated air movement has been proven to provide comfortable sleeping conditions in a warm and humid climate. 25 There is some risk that increasing temperature set points might result in a reduction of human cognitive ability. 26 However, if air movement is provided and the same thermal sensation is achieved, equal cognitive performance might be maintained. 27 Air movement can compensate for higher temperatures with regard to thermal comfort and perceived air quality. On the other hand, laboratory experiments on 24 subjects showed that sick building syndrome (SBS) symptoms were not improved by elevated air movement. 28 Previous studies showed that human thermal sensation was significantly improved by elevated air speed generated from different types of personally controlled fans under warm and humid conditions. However, these studies were limited in their sample size, the use of clothing level that was too light, and a primary research focus on thermal comfort. The research described here assesses the merits of higher temperature set points along with user-controlled air movement in a large sample-size experiment for tropically acclimatized people who are dressed in typical Singaporean office attire in a room that resembles an office environment. In addition to thermal comfort, we assess perceived air quality, sick building syndrome symptoms, and cognitive performance.
| METHODS

| Experimental facilities and instruments
The experiments were conducted during June-July 2014 in a room at Nanyang Technological University ( Figure 1A For air temperatures of 26°C and 29°C, average fan speed settings for all subjects were 6.9 and 12.4, respectively. Corresponding fan power consumption was 4 W and 7.6 W, respectively. Technical details about the cooling fan, including its efficiency, 29 are described in Yang et al. 30 
Practical Implications
• Increasing the indoor temperature set point to values in the range 26-29°C (79-84°F) and simultaneously providing occupants with personally controlled fans could be a cost-effective, sustainable, and energy-efficient option for providing thermal comfort in new and existing buildings in the tropics. We show that this strategy can be implemented without negative influence on the well-being of occupants and with almost 100% thermal comfort satisfaction. Cognitive tests showed the lowest performance at 23°C and the highest at 26°C.
F I G U R E 1 (A) Test room layout; (B)
photograph of one workstation equipped with stand fan; and (C) experimental procedure (Note: P.A.=physical activity.)
(A) (C) (B)
Dry-bulb temperature and RH were continuously measured at one-minute sampling intervals by HOBO temperature/RH/light data loggers (Model U12-012, Onset, Bourne, Massachusetts, USA), with −20 to 70°C measuring range, ±0.35°C uncertainty for dry-bulb temperature; and 5% to 95% measuring range, ±2.5% uncertainty for RH.
Five HOBO U12-012 data loggers were located at 0.8 m height, one at each of the five workstations. Lighting intensity was measured but data are not used in this study. Carbon dioxide was monitored continuously at the central desk ( Figure 1A ) with a CO 2 Meter (CM-0018, Ormond Beach, FL, USA) possessing an accuracy of ±30 ppm ±3% of the measured value in the range of 0-10 000 ppm. Two CO 2 meters were located at 0.8 m and 1.6 m height at the central workstation.
All test instruments were calibrated before starting the experiments.
| Experimental conditions and procedure
Experimental conditions are shown in Table 1 . The baseline temperature of 23°C is the typical set point in commercial buildings in Singapore. 7 The other two conditions were selected based on previous research on the use of personally controlled fans. 10, 12 Relative humidity was controlled at 60% for all cases, a typical indoor value in Singapore. In these experiments, we controlled dry-bulb air temperature because this is the most common way that the thermal environment of buildings is controlled in Singapore. An assessment performed before the tests showed that the dry-bulb air temperature was equal to the operative temperature. This result is obtained because the room has only one exterior wall, which was fully shaded, and it does not have windows. All subjects completed the sessions in the same order of temperature (26°C, then 29°C, then 23°C).
The subjects were not made explicitly aware of the conditions tested except for the presence of the fans. The experimenter in the room was aware of the conditions (i.e., experimental conditions were single-blinded). Due to the time required for changing the temperature in the room, temperature was used in a block experimental design and people were assigned in random order to cases with and without fans.
The background noise level in the room was 42 dB(A). The background noise was mainly generated by the dehumidifier and fans in the computers and projectors. The personally controlled stand fans used for convective cooling made minor contributions to the background noise.
Before initiating formal experiments, the test room was conditioned to the dry-bulb temperature and RH according to Table 1 for at least 1 day. Steady state was maintained, with an 800-W heater to simulate heat generation from eight occupants. One stand fan was used to generate background air movement in the room. When the eight human subjects entered the room and the formal experiment was started, the 800-W heater was switched off.
Each experiment lasted 90 minutes ( Figure 1C ) to simulate normal office work with metabolic activity level of 1.1 met except during physical activity. One day before each experiment, subjects were required to practice cognitive performance tests at least three times to limit experimental uncertainty from the learning effect. Subjects were asked to arrive to the test room 15 minutes before the experiment started. When they had just entered the room and were seated, they were asked to fill in survey 1, with detailed questions regarding thermal comfort, perceived air quality and SBS symptoms. After 15 minutes, they were asked to fill in survey 1 again. Then, they practiced the series of cognitive performance tests. After another 30 minutes, they filled in survey 1 for the third time. After that, subjects were asked to stand up and leave their workstations. They were asked to walk around, stretch arms and legs, and take 60 vertical steps with a 10 cm height step stool. Then, they went back to their seats and answered survey 2 four times at 2-minute intervals. Survey 2 only has five questions regarding thermal sensation, and acceptability of thermal environment, humidity, air movement, and air quality. After that, the subjects did the formal cognitive performance tests. At the end of the experiment, subjects were asked to fill in survey 1 for the fourth time before they left the room. During the whole experiment, subjects equipped with a fan were allowed to change fan speed and location. However, they were not allowed to use the mode in which the fan orientation oscillated.
| Subjects
Subjects were students at the Nanyang Technological University. experiments, all subjects attended one training session to become familiar with the experimental room, the experimental procedures, the attire requirements, the means of fan control, and the survey questionnaires. The subjects were instructed to eat normally before arrival at the laboratory and to have had enough sleep. Drugs and alcohol use
were not allowed during the 24 hours prior to the experiment. 
| Questionnaire
| Cognitive tests
Four cognitive tests were used, as described briefly below. The tests were chosen from well-studied and commonly used tasks to measure several cognitive skills, including processing speed, motor function, and several executive functions. 31 All tests are related to general intelligence. Tests were taken on a computer, through the cognitive testing platform Quantified Mind (http://www.quantified-mind.com).
Test (1)-Choice reaction time (CRT) with three choices. 32 This test measures processing speed and alertness.
Test (2)-Finger tapping (FT)
. 33 The subject is asked to tap the space bar as quickly as possible for 10 seconds on four separate trials.
This test measures motor speed.
Test (3)-Stroop (ST)
. 34, 35 Three colors were used (red, green, and blue). The subject is asked to type the first letter of either the word presented or the color of that word. Example: for the word "green" displayed in red, the subject has to type "r" if the task is "Color", but "g" if the task is "Word". This test measures inhibition (the ability to suppress a learned response) and context switching (the ability to switch attention between different tasks), both relevant parameters of executive functions.
Test (4)-2-Back (2B). 36 In each trial, one of four stimuli is displayed, and the subject is asked to press one key if the current stimulus is the same as the stimulus two trials earlier, and another key if it is different.
This test measures working memory.
Scoring for CRT, ST and 2B was based on a simple deadline model
37
; for FT, the score was the rate of tapping.
| Statistical methods
The data distributions are reported using frequency box-plots. Whether the data were normally distributed was tested with the Shapiro-Wilk normality test. 38 For non-normally distributed data, the Wilcoxon signed rank test was used. 39 For each case where a perfect pairing was possible (all except 23°C and no fan), the paired option has been used. For normally distributed data, the t-test and ANOVA were used. Correlations between variables were reported on the basis of Spearman's rank coefficient if the variables were not normally distributed and with the Pearson correlation coefficient if the variables were normally distributed. When needed, the effect size for binary variables was calculated with the mean square contingency coefficient. 40, 41 To assess the cognitive data, principal component analysis 42 and a linear mixed-model were used. 43 That fewer subjects participated in the 23°C sessions were automatically handled by such models, because only observed data points were used for the optimization function that was employed for coefficient estimation.
For all tests, the results were considered statistically significant when P<.05. The statistical analysis was carried out using R software version 2.15.1. 44 Graphs were developed using GGplot2. Thermal comfort and perceived air quality results collected only at the end of the test (i.e., after 90-minutes exposure to a given condition) are reported in this article. 
T A B L E 2 Anthropometric data (mean±standard deviation) of human subjects
| RESULTS AND DISCUSSION
| Thermal comfort
Thermal sensation votes (from −3=cold to +3=hot) for the five tested conditions are shown in Figure Thermal acceptability votes for the five tested conditions are shown in Figure 2B . Thermal acceptability is the most important parameter assessed because it is the foundation of thermal comfort standards: About 80% or more of occupants should express satisfaction with the environment. In all cases except for 29°C without fans, the thermal environment met the requirements of thermal comfort standards. 23, 45, 46 The highest satisfaction rate was obtained for cases with a user-controlled fan. In these cases, 100% at 26°C and 98% at 29°C of the subjects found the thermal environment acceptable. Removing the fan at 26°C reduced the acceptability from 100% to 93%; four subjects were dissatisfied. At 23°C (no fan), 85% of the subjects found the environment acceptable; five people were dissatisfied. These results
show that higher acceptability can be obtained when people can use a personally controlled fan. A higher proportion of people found the thermal environment acceptable at 26°C (with or without fans) than at 23°C. Interestingly, thermal acceptability vote increased for cases without fans when temperature was increased from 23°C to 26°C, consistent with the concern about overcooling of air-conditioned buildings in tropical climates. 4 Remarkably, when subjects were provided with a personally controlled fan, even 29°C was acceptable to a higher proportion of subjects than was the case at 23°C.
A slightly different result is obtained if, instead of looking at the data in a dichotomous way (acceptable and unacceptable), we use a continuous scale. Acceptability outcomes at 23°C, 26°C with fans and 29°C with fans were statistically indistinguishable (P=.46 and P=.89, respectively). Each of these three cases was rated as superior to the two cases with higher temperatures and without fans.
Thermal comfort votes (from −1=very uncomfortable to 1=very
comfortable) for the five tested conditions are shown in Figure 3A .
Thermal comfort was non-normally distributed (W=0.96, P<.001). The highest rating of thermal comfort was achieved for the 26°C case with fans. In this case, the median value was 0.74 (0.52, 0.88), not statistically distinguishable (P=.07) from the case at 23°C without fans, for which the median value was 0.61 (0.32, 0.79). Effectively, the same thermal comfort (P=.71) was obtained at 23°C as at 29°C with fans.
The median value 0.54 (0.34, 0.85) of the thermal comfort vote for the 29°C case with a fan was higher (P<.001) than the median value 0.42 (0.20, 0.56) for 26°C case without fans. Overall, the highest comfort is achieved for 23°C without fans and for 26°C and 29°C with fans.
Thermal preference votes for the five tested conditions are shown in Figure 3B . Thermal preference vote is important because it is the translation of the complex thermal state of an occupant into an actionable statement (i.e., "I want it warmer or cooler" or "I want no change").
Eighty percent of the subjects chose "no change" for the 26°C case with fans, which was the highest value. Somewhat lower extents of expression for no change were obtained at 23°C with no fan (68%) and for 29°C with fans (66%). These results clearly show that subjects were least inclined to seek a change in the thermal environment at 26°C with a fan, meaning that this condition is the one that may minimize thermal distraction. Effectively equivalent conditions were F I G U R E 2 (A) Overall thermal sensation and (B) overall thermal acceptability for the five tested conditions. In blue are highlighted the cases with fans created at 29°C with fans and at 23°C without fans. The personally controlled fan increased significantly the desire for no change both at 26°C and at 29°C (from 46% to 80% and from 11% to 66%, respectively). The 29°C case without a fan is clearly outside of the thermal comfort zone, with 89% of the subjects wanting to be cooler.
| Perceived air quality
Votes regarding the freshness of the air (perceived air quality) are shown in Figure 4A . Subjects answered the question "The air is…?" using a continuous scale from stuffy (−1) to fresh (1) . Perceived air quality is non-normally distributed (W=0.96, P<.001). For all cases, the air was perceived as close to fresh, except for 29°C without fans.
Without fans, the perceived air quality significantly declined from 0.41 Perceived air quality acceptability is shown in Figure 4B . As in the case of thermal acceptability, this is a key parameter because it is one of the measures of indoor air quality in standards (i.e., at least 80% of occupants need to express satisfaction with air quality). Acceptable indoor air quality according to ASHRAE 62.1-2013 50 is achieved for all cases except for 29°C without fans. The highest satisfaction rating (94%) was obtained for the lowest temperature (23°C). Without fans, the proportion of occupants who were satisfied declined from 94% through 80% to 62% with increasing dry-bulb air temperature from 23 through 26 to 29°C. Adding user-controlled fans improved the perceived acceptability of air quality from 80% to 91% at 26°C and from 62% to 88% at 29°C. The results presented in Figure 4 show that suitably acceptable air quality and equally fresh air can be obtained at 26°C and 29°C as at the typical Singaporean temperature set point of 23°C if personally controlled air movement is available.
We asked subjects to assess odor intensity on a scale between no odor and overwhelming. The odor intensity was strongly non-normally distributed (W=0.88, P<.001). The median response for all the tests is between no odor and light and also all the medians for each test are between no odor to light odor. The use of the fan did not alter odor
Freshness of the air ("The air is…?" answer in a continuous scale from fresh to stuffy) and (B) perceived air quality acceptability for the five tested conditions F I G U R E 3 (A) Overall thermal comfort and (B) thermal preference ("Currently, you would prefer to be…") for the five tested conditions. In blue are highlighted the cases with fans intensity to a statistically significant extent when the temperature was the same (P=.19 when temperature is 26°C and P=.36 for 29°C). There is not a clear effect of temperature. Odor intensity is slightly higher at 26°C than at 23°C (P=.016), but is the same at 23°C and 29°C (P=.09).
Overall, the odor intensity is low, between no odor and light odor, and almost the same in all the tested conditions. Under different room temperatures, median CO 2 concentrations and ventilation rates are summarized in Table 3 . For the 26°C case, the CO 2 concentration was slightly higher, indicating that the ventilation rate was slightly lower than in the other cases. The reason is unknown.
To some extent, slightly elevated CO 2 concentration might interfere with the positive effect of fan use on perceived air quality and also enhance the negative effect of elevated dry-bulb air temperature on perceived air quality.
| Air movement and dry eye
Air movement conditions were perceived to be slightly still when subjects did not have fans at 26°C and 29°C. Conversely, when subjects had fans, or when the temperature was 23°C, air movement was perceived as just right (see Figure 5A) . Indeed, at 23°C, and at 26°C and 29°C with fans, more than 97% of the subjects were satisfied with air movement. The percentage decreased to 79% and 71% when the fan was not present at 26°C and 29°C, respectively ( Figure 5B ). When the temperature was high and people did not have access to a fan, 68%
and 89% of the subjects wanted more air movement (see Figure 5D ).
These results show that when the room temperature is at 26°C and 29°C, people want to have air movement and, if it is under their control, they can select a speed that satisfies them.
Votes regarding discomfort from dry eyes are shown in Figure 5C . At the end of each test, fan location, distance, and speed setting were recorded (Table S. 2). At 26°C with the fan and at 29°C with the fan, the median distance was 0.8 (0.7, 0.9) m and 0.9 (0.7, 1) m, respectively. Air speed at target point (human facial area) was deduced based on previously collected data. 30 Previous data were collected only at 1 m and 2 m. Assuming that the distance was 1 m, we roughly calculated that 26°C with the fan and at 29°C with the fan, the median air speeds were 0.9 (0.7, 1.2) m/s and 1.5 (1.3, 2.0) m/s, respectively. Worth highlighting here is that during the experiments, the subjects were allowed to change the fan position and speed; therefore, the values reported above are just a snapshot of the distances and speeds used.
| Humidity
In these experiments, relative humidity was maintained at 60%. With an increase in temperature, the absolute humidity increased. Of potential concern is that occupants would sense the more humid condition and find it unacceptable. We tested this possibility with two questions (humidity sensation and acceptability). The results are shown in Figure 6A and B. The humidity sensation is non-normally distributed (W=.94, P<.001).
In all experiments, subject felt neither dry nor humid: For all cases, the humidity sensation was 0.1 (−0.02, 0.14)). For each case, the median was close to neutral. What changed was the spread of the data, becoming greater with increasing temperature and being reduced by the availability of fans. Subjects felt drier at 26°C with no fan than at 23°C (P=.02) or than at 29°C with fans (P<.001). All other conditions
were not significantly different. Humidity acceptability ( Figure 6B ) T A B L E 3 Summary of measured CO 2 concentrations and inferred ventilation rates was the same at 23°C and 26°C with and without the fan (higher than 97%). Acceptability decreased at 29°C, in particular when there was no fan available (acceptability was 93% with fans and 80% without fans). These results show that increasing the temperature set point to 26°C did not affect humidity acceptability. Increasing it to 29°C did generate lower acceptability, and elevated air movement only partially mitigated this effect. Overall, from these results, we can conclude that increasing air temperature did not make subjects feel the environment to be more humid, but at 29°C, the acceptability was reduced compared to the values at 23°C and 26°C. Zhai et al. 12 found that, when relative humidity was 60%, perceived humidity was acceptable at 28°C
but not at 30°C. For tropical environments, where dehumidification is a chronic need, this evidence suggests that 29°C might be the maximum acceptable limit for occupants who are provided personal control over a fan.
| Fan noise acceptability
We asked subjects to rate the acceptability of the noise generated by 
| Sick building syndrome symptoms
We asked subject to rate their level of irritation in eyes, nose, and throat using a continuous scale from no (−1) to overwhelming (1) .
For all these parameters, the data were non-normally distributed We asked subjects to report how they were feeling using contin- People reported feeling more rested with a fan than without it at each tested temperature (at 26°C, P=.05 and at 29°C, P=.005).
Differences in response to the rested/tired question were not statistically different at 23°C as compared with 26°C (P=.06) and 29°C
(P=.31) if a fan was provided. Increasing the temperature without providing a fan did have subjects reporting that they felt more tired (at 26°C, P<.001; and at 29°C, P=.004).
Overall one can conclude that increasing the temperature set point alone, from 23°C to 26°C or 29°C, has a detrimental effect: people feel sleepier, less well, and more tired. However, if a personally controlled fan is provided, people reported that they felt effectively the same at the three temperatures, or at least any reported differences did not rise to a level of statistical significance except in the case of the alert/ sleepy question.
This outcome is different than what was reported by Melikov et al. 28 In that study, the response of 24 human subjects to local convective cooling at 28°C and 50% relative humidity was tested for four different cooling devices (two of them were a desk fan and a personal ventilation system). The researchers found that air movement significantly improved subjects' report of thermal acceptability and perceived air quality compared to the condition without it. But, they also found that air movement had little effect on sick building syndrome symptoms. In the present study, we found that the fan was effective in reducing SBS symptoms. A feasible explanation, although not confirmable, is that the room used in this experiment had a lower pollution load than the one used by Melikov et al.
| Cognitive performance
Results of different cognitive tests are positively correlated and are related to a general intelligence factor, also referred to as IQ or g factor. 54 General intelligence is a construct used to assess cognitive abilities, and principal component analysis (PCA) is a standard approach to quantify it in a battery of cognitive tests. PCA revealed a main general intelligence component that accounted for 76% of the variance on all four tests. This means that all the tests used in this study are positively correlated with general intelligence, and this outcome supports a view that they are valid for measuring aspects of general intelligence. PCA results also revealed a second component that accounted for 17% of the variance separating the two executive tasks from the two speed tasks. Based on the PCA results, we created three compound scores:
1. "g": the average of all four tasks. 2. "Exec": the average of ST and 2B.
3. "Speed": the average of CRT and FT.
We expected that the executive function tests but not the speed tests would show strong practice effects. To assess practice effects, we fit linear mixed-effect models with random effects for subject and condition and fixed effects for amount of previous The ability to use a fan was fully randomized within the temperature settings; therefore, one can assess its effect on all four tests and their combinations. We analyzed the effect of fan separately for each temperature (26°C and 29°C). The results are shown in Table 5 . At 26°C, the fan did not have an effect. At 29°C, using a fan provided a statistically significant positive effect for the "Speed" and "g" factors.
The fan effect size was smaller than the performance decrease at 29°C
relative to 26°C (compare entries in Tables 4 and 5 ). One can conclude that, on average, the best speed-associated cognitive performance results were obtained at 26°C and at this temperature having a fan did not improve performance. Increasing the temperature to 29°C reduced the speed performance and having a fan only partially compensated. The typical Singaporean indoor air temperature set point of 23°C was associated with the lowest cognitive performance associated with task speed.
An inverted-U relationship has been proposed to show the influence of moderate differences thermal environments on cognitive performance. 27, [55] [56] [57] The inverted-U relationship is based on the Yerkes and Dodson's law, 58 and it is characterized by a unique optimal condition. This law has been criticized, and an extended-U shape has been proposed. 59 
| Limitations
This study used a relatively large sample size as compared with typical thermal comfort research. On the other hand, all subjects were young college students. However, there are no known or expected significant differences in preferred thermal conditions between college students and office workers. [65] [66] [67] The results of the present study have been obtained for tropically acclimatized subjects, and the results should be applied with caution to people acclimated to other conditions. Different results may be obtained using different fans.
As shown in Figure 1 , the subjects with the fan had a relative large distance among them, whereas the subjects without the fan were grouped at one table. This fact may give rise to two possible problems for the subjects without the fan: (i) proximity discomfort and (ii) higher mean radiant temperature. Being forced to stay close to other people may create discomfort and anxiety. The minimum amount of personal space depends on cultural, personal, and environmental factors. Given that the experiments were performed on young college students living in highly dense urban environment, we assumed that this issue
would not have a large effect. Mean radiant temperature for subjects without fans may be slightly higher than subjects with fans because of the relatively high occupant density. This effect should be relatively small compared to the uncertainty related to clothing insulation and metabolic activity estimation. 68 Exposure time was 90 minutes, a long time for thermal comfort studies, but shorter than the typical work day duration for real office workers. It is possible that, in the short term, persons react in a way that the effect of the environmental stress on performance is not evident. Such effects may emerge after longer exposures.
Owing to practical physical constraints, the order of presentation of temperature exposures was not randomized in this study. For the cognitive tests involving executive function, a learning effect was observed. Owing to this limitation in the design of the experiments, we
were not able to use tests related to executive functions to investigate the possible effects of increased temperature set points.
| CONCLUSIONS
A typical temperature set point in Singaporean commercial building is 23°C. Increasing temperature set point could yield substantial net energy savings, have low cost for implementation in existing buildings, and offer first-cost reductions in new buildings. We performed a large sample-size experiment for tropically acclimatized people who are dressed in typical Singaporean office attire in a room that resembles an office environment. We assessed thermal comfort, perceived air quality, sick building syndrome symptoms, and cognitive performance. We studied five conditions for the thermal environment: 23,
26
, and 29°C and in the latter two cases with and without occupantcontrolled air movement.
T A B L E 5 Effects of using fans on all four cognitive tests and their constructs for the two temperature settings (26°C and 29°C) We found that thermal comfort and perceived air quality were equal or better at 26°C and 29°C than at 23°C if a personally controlled fan was provided. Therefore, mandating and maintaining the indoor temperature at 23°C does not provide a more thermally comfortable environment as compared to 26°C and 29°C when people have access to a fan. A higher proportion of people found the thermal environment acceptable at 26°C (whether with or without the fan) than at 23°C.
Remarkably, if they have a personally controlled fan, even 29°C was acceptable to a higher percentage of subjects than was the case at 23°C. Increasing the air temperature set point to 26°C and 29°C did not affect odor intensity perception and did not make the subjects feel the environment to be more humid. However, at 29°C, the acceptability of perceived humidity was reduced compared to 23°C and 26°C.
We found that subjects did not suffer from eye, nose, and throat irritation in the studied setting. The increase in the temperature set point and the use of fans did not have a significant influence on irritation. If they did not have a fan, subjects felt sleepier, less well and more tired at 26°C and 29°C compared to 23°C. However, if a personally controlled fan was provided, differences in how people felt at the three temperatures were not statistically significant except in the case of the alert/sleepy question.
We assessed speed as one attribute of cognitive performance. We found that the best cognitive performance results were obtained at 26°C and at this temperature having a fan did not improve perfor- With further development on how to implement personally controlled air movement in practice and with more human subject tests utilizing longer periods of exposure (e.g., an 8-hour workday with appropriate breaks), the findings reported here could contribute to important changes in the way indoor air in tropical climates is conditioned.
